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POWER TRANSMISSION MECHANISM OF SHAFT AND HUB 



CROSS-REFERENCE TO RELATED APPLICATION 

This application is a National Stage entry of International Application No. 
PCT/JP2004/011079, filed August 3, 2004, the entire specification claims and 
drawings of which are incorporated herewith by reference. 

TECHNICAL FIELD 

The present invention relates to a power transmitting mechanism for 
transmitting torque smoothly between two members comprising a shaft and a hub. 

BACKGROUND ART 

On motor vehicles such as automobiles, there have been employed a set of 
constant velocity joints for transmitting drive power from an engine through a shaft to 
axles. Each constant velocity joint comprises an outer member, an inner member, 
and a torque transmitting member disposed between the outer and inner members 
for transmitting torque between the outer and inner members. The constant velocity 
joint includes a shaft/hub unit having a tooth assembly which comprises a shaft tooth 
section on the shaft and a hub tooth section on a hub, the shaft tooth section and the 



hub tooth section being held in mesh with each other. 

In recent years, there have been demands for efforts to reduce circumferential 
backlash of constant velocity joints which is caused by the chattering of the power 
.transmitting system. Heretofore, attempts have been made to reduce backlash 
between the inner ring and the shaft with a constant velocity joint having shaft 
serrations tilted at a torsional angle. Depending on the direction of the torsional 
angle and the direction of the torque load, the mechanical strength and service life of 
the inner ring and the shaft are likely to vary from product to product. 

In the art of gears, technical concepts for crowning tooth surfaces have been 
disclosed in Japanese Laid-Open Patent Publication No. 2-62461, Japanese Laid- 
Open Patent Publication No. 3-69844, and Japanese Laid-Open Patent Publication 
No. 3-32436, for example. 

Japanese Laid-Open Patent Publication No. 11-514079 reveals a shaft/hub 
unit having a tooth assembly for transmitting torque. The disclosed tooth assembly 
includes a shaft tooth section having a constant outside diameter in the longitudinal 
direction and a hub tooth section having a constant base diameter in the longitudinal 
direction. The shaft tooth section has a base diameter (dw1) and the hub tooth 
section has an inside diameter (Dn1) in a first region at a shaft end. The shaft tooth 
section also has a base diameter (dw2) and the hub tooth section has an inside 



diameter (Dn2) in a second region near a shaft shank. The base diameter (dw2) of 
the shaft tooth section and the inside diameter (Dn2) of the hub tooth section in the 
second region are set to respective values greater than the base diameter (dw1) of 
the shaft tooth section and the inside diameter (Dn1) of the hub tooth section in the 
first region (dw1 < dw2, Dn1 < Dn2). 

Japanese Laid-Open Patent Publication No. 2000-97244 on a splined 
connection between a shaft member and an outer circumferential member discloses 
that the shaft member has, near a shaft shank thereof, a larger-diameter region 
where the diameter of the shaft member at the bottom lands between the teeth is 
increased, and the teeth of the shaft member and the teeth of the outer 
circumferential member mesh with each other in the larger-diameter region. 

The applicant of the present application has proposed a spline shaft wherein 
the crowning top is positioned where the stress is minimized when torque is applied 
to a region where the spline shaft and a constant velocity joint mesh with each other, 
thereby preventing the stress from concentrating on certain regions and simplifying 
the overall structure of the spline shaft (see Japanese Laid-Open Patent Publication 
No. 2001-287122). 



DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

It is a general object of the present invention to provide a power transmitting 
mechanism for a shaft and a hub, which is designed to prevent stresses from 
concentrating on certain regions for increased static mechanical strength and fatigue 
strength. 

MEANS FOR SOLVING THE PROBLEMS 

According to the present invention, when torque is applied to a portion 
between a shaft and a hub wherein a shaft tooth section and a hub tooth section are 
held in mesh with each other, by increasing the outside diameter of a valley of the 
shaft tooth section, which is a stress concentrating region, the stresses are 
distributed and strength of the shaft is increased. 

Further, according to the present invention, since a changing point of the 
outside diameter of the valley of the shaft tooth section and a changing point of the 
inside diameter of a peak of the hub tooth section are offset from each other by a 
predetermined distance, the stresses imposed on the shaft tooth section are 
distributed to one changing point and the other changing point, thereby relaxing 
stress concentration. As a result, the stress concentration is relaxed and distributed, 



thus increasing static mechanical strength and fatigue strength of the area where the 
shaft tooth section and the hub tooth section mesh with each other. 

Furthermore, according to the present invention, it is preferable to establish 
different major load transmitting regions depending on the magnitude of the load 
applied to the area where the shaft tooth section and the hub tooth section mesh 
with each other. For example, if the loads are classified into a low load, a medium 
load, and a high load, the main load transmitting regions for transmitting the low 
load, the medium load, and the high load are established successively in a direction 
from a crowning top toward a shaft shank, thus relaxing the concentration of stresses 
on particular areas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view, partly cut away, of a shaft/hub unit which 
incorporates a power transmitting mechanism according to a first embodiment of the 
present invention; 

FIG. 2A is an enlarged partial transverse cross-sectional view showing a shaft 
tooth section and a hub tooth section which are held in mesh with each other with no 
load applied thereto; 

FIG. 2B is an enlarged partial transverse cross-sectional view showing a shaft 



tooth section and a hub tooth section which are held in mesh with each other with 
torque applied thereto in the direction indicated by the arrow Y; 

FIG. 3 is an enlarged partial longitudinal cross-sectional view in the axial 
direction of a shaft, showing a peak of the hub tooth section which engages in a 
valley of the shaft tooth section shown in FIG. 1 ; 

FIG. 4 is an enlarged partial longitudinal cross-sectional view showing a first 
step region slanted at a smaller tilt angle 6 of the shaft shown in FIG. 3; 

FIG. 5 is an enlarged partial longitudinal cross-sectional view showing a tooth 
of the shaft tooth section whose outside diameter varies toward a shaft shank of the 
shaft shown in FIG. 4; 

FIG. 6 is a diagram showing the relationship between the tilt angle 9 of the 
first step region of the shaft tooth section, stress relaxation, and productivity; 

FIG. 7 is a graph showing the relationship between stresses developed on the 
shaft and positions where the stresses are measured, with respect to a shaft wherein 
a. first step region and a second step region are not formed in a shaft tooth section 
and a hub tooth section and a shaft wherein a first step region and a second step 
region are formed in a shaft tooth section and a hub tooth section; 

FIG. 8 is a graph showing the relationship between stresses developed on the 
shaft and positions where the stresses are measured with respect to a shaft wherein 
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a first step region is slanted at a much smaller tilt angle 6; 

FIG. 9 is a graph showing the relationship between stresses developed on the 
shaft and positions where the stresses are measured, with respect to a shaft wherein 
a changing point of the diameter of a shaft tooth section and a changing point of the 
diameter of a hub tooth section are offset from each other and to a shaft wherein a 
changing point of the diameter of a shaft tooth section and a changing point of the 
diameter of a hub tooth section are not offset from each other; 

FIG. 10 is a graph showing the relationship between stresses developed on 
the shaft and positions where the stresses are measured when the stresses are 
produced in response to an input load imposed at the time torque is applied; 

FIG. 11 is a graph showing the relationship between positions where loads 
are applied and the classification of the loads; 

FIG. 12 is an enlarged partial longitudinal cross-sectional view taken along 
line XII -XII of FIG. 3; 

FIG. 13 is an enlarged partial longitudinal cross-sectional view taken along 
line XIII -XIII of FIG. 3; and 

FIG. 14 is an enlarged partial longitudinal cross-sectional view taken along 
line XIV -XIV of FIG. 3^ 

F4-G-:— 15 i s a p erspeotive-yiewy p a rt l y e u^-awayr-of-^h^k aft/hub ur Ht-whicfr 
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i ncorpo ra t e s a p ewe r t r a n s m i tt4f*§HreeehafMsfl^ 
t h e pres e nt inv e nt i on ; 

F-I-Gt -4-6-fs^-a n enlarged- pa rti a 1 l en§ftudinat--6fQss^ 

dir e ction of a shaft, s how mg-a- p e ak of a hu b-te oth se ct i-ofh wh i ch e ngag ee-i^-a-vatiey 
ef~a--shaft--tooth s e ction shown i n FIG. 4^ - 

FIG. 17 is a n enlarged p artia l l o n gitud m al cross s ectional vi e w s h o w i ng t h at-a 

point P1 as a st affeg- po i nt of an arcuat e r e g i on f ormed in th e-sbaft- tooth s e ction and 
a-pemt P2 as a sta rtfftg^jfrt-of-a-s t e p re§40rHfemed4n-a---the hub toeth-seetioft-afe 
vertically aligned wi th each oth e r without being offs e t; 

FI G. 18 is a- graph show in g th e relations hip-between-&tfesses d e v el op ed-en 

the-sh aft and pos i tions wh ere th e stre ss e s a re m e as^e4r^/\/^ 
whe r e in no step re gi on is fe med-4fva4HJ^^ 

arcuate- r e gion i s form ed-i n a shaft too th-se ction and a st e p region-i^fefmed-ffhShhufe 
to oth s e ction; 

FIG. 19 is a graph sho win g the r e lation& hfp-between s t re sses developed-on 

th e shaft and posit i ons wh e r e th e stress e s are me as ured, w i th n : Bspe6t4e--a^haft 

porot-ef th e d i am e t er o f a hub tooth section are offs et-frem-e ach oth e r and te-a-sfraft 
wher e i n a chang i ng point of the d i amet er of-a shaft tooth seetiofKaM-a-otw^gfRg 
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pai nt of th e d i am e t er of a hub te et h s e ct i on afeH^ot^feet^r-om-eaeh-ot^eFi- 

F4-GT-2Q4s-~afr^^ 

li^eXX— X X of FIG^Sf 

F I G . 21 is -a n e n l arg e d pa rtial l ong i tu d4n a l c ross sec t i o nal v ie w taken al o n g 

line-XX^-XXl of FIG . t-6f 

FIG. 22 is an en l arg e d parti al longitudi n a l cross seeti onal v i ew -4aten-ateR§ 

li ne XXI I XX H-e f FIG. 16; 

RGr-^Ms---a^efspeoti^^ 

incorporates a power transmitting mechanism according to a third embo d iment of th e 
pr e s e nt i nv e nt iefH- 

FIG. 2 4 i s an e n large d part i a l lo ngit udina l cr0ss-^eetf0Bal^ew-i-fh4he-axfal 

of a shaf t tooth s e ction sho wm n F I G . 2 3; 

F I G. 25 is a fM3ftlafge4^art4aM^ 

- o utside d iam e t er var ie s to w ard a sh aft sha nk 



FIG. 26 is a diagra m-showing th e r elati onship-ket w ee n the ri s e a ngle 9 of a 

tapered r e gion of the shaft tooth se eti on, stres s relaxation, and p feduetivityi 
FIG— 27 is a g fapjvs&ewfft g the re latiefts&i^etv^ 
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th e shaft and positio es^- wh e r e th e stre s ses are measu r e d, w i th r e sp ee^4o-a-stoft 
whe r ei n a tap efed-fe g i on and a -s t e p r e g i o ft-a r e n o t form e d i n-a-eh aft tooth section 

fofmed-4/ vi th ou t befR§~offse^- 

F I G. 28 i s a -§f aph shovi n g the reiati efis^p-betwee n str e s ses-deveteped-ett 

ihe-sbaft and positions-where the stresses afe-mea&^-r-ed 7 -with respeet-te-a -shaft 

whe r ei n a tape re d - r e g i on and a st e p r e gion a r e not form e d in a-stefrtaottvseetiefi 

step regio n ar e offs e t from e ach ot her;- 

FIG. 29 is a graph showing the r e latio nship-^aetweeR-^^ o n 

the-sb aft and pos i tions wh o r o th o st r ess e s ar e m eaeure^r- w i th re s peet-4o-a-shaf t 

poi nt of th e~diame t e r of a hu k^oetk-seetieri-^ 

wh e rein a c hang i n g point of t h e diame ter ef-a shaft tooth s e etion an d a changing 
p oint of th e diam e t e r of a hub t eet h s e ct i on are- n o t o ffset f r om e ach oth er; 

tine X XX XXX o f Fl^-24f 

FIGt-S- 1 is an e n la rg e d part la44eB§tod4 fia l cross -secti e na l-vie w tak en-a^ong 

li ne XX XI XXXI of FIG . 24- 
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F1 G. 32 is an enlargecl-paftiaJ-longitudinal c ro s s-seotional-view-ta ken alo ng 



Jme-XX X II XXX I I of FIG. 2 4; 



^eotiv* 



>af%-cut aw ay, o f a shaft/hub-wit-whieh 



if>GOfpofate&-a-power- tra n sm i tt i ng m e c hankm-aocofd ing to a^urtt^embod-ifflent-of 



the-pfes ent invention; 



FIG. 3 4 is a n efd argecHpaftiat-^^ i n th e-~ax4al 

d i r e ct i on of a sh a ft, s hewmg- a p e ak of a hub to oth-se ction which e n§a§es-#ha-vatiey 



of a shaft tooth seetiofhsMown-ffi-FIGT-33i 



FIG. 35 is an e n l arg e d partia l l ong i tud i na l cross - s e ct i onal vi e w sho w in g a f irst 

tapered r e gion hav i ng a sma ll ti &-a#gle- e in a st e p reg iefvof^he-sfr aft shown in FIG. 



34 , 



FIG. 36 is an e nlarged-p art i al longitudinal cross - sect i onal view in the axial 

€Hreoti on of th e shaft, show i ng -4h at a hub having a s e cond taper e d re g i£fr4rna-kuk 



tooth s e ction e ngag e s th e-s haft shown in F I G. 35 f 



-FI G. 37 i s an e n l a rged part i a l longitudina l c r oss s eetioRa^-vtew4ff4he--axial 



of cur-vature- in-a-h u b tooth section engages the shaft shown-in FIG, 35;- 

F4G-r--3g---is-an e n l arg e d -parti a l longitudinal Gress-seotoF^I-view-^owmg-^ 



tooth of the shaf ^teet h section whos e outs id e diam e t e r varies toward a -s&afr-stonk- 
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of the shaft shown in FIG, 3 §f 

F I G. 39 is -a-4i agram show n§-4he r e lationsh i p betwee^4he-tUt-an§le-4^-0f4he 

— — FIG. - 4 0 is a -§faplvsh0Wf^§-4^e- r el at iof^f^etween-^fe6^s--devejope4-^B 
th e hub an d positions wher e th e st re sses ar e measwe^^ v i th r e sp e ct to a s haft 
wh e r ei n a st e p r eglofh-is not fo rmed-iR- a shaft tootl^e0tfOfv^n4--a^hafl-wbefefFh-a 
ste p r e gi o n is form ed-ifh- a shaft t o oth-se ction ; 

th e shaft and pos i tions w he r e the str esses a re m easwed-ln- a state whefein-4be4ilt 
angle-6 of th e st e p r e g i on is small e r; 

FIG. 4 2 is an en l arg e d partia l leftgrt udinal cross s e cti enal-vjew^ta^efv^te^ 



FIG— 43 i s an enlar g e d partial l ong itudin a l cross - s e ct i on al-view-take n a l ong 

IfB oXLIll XLIII o f FIG. 3 Aj 
F4<3r~44-is-a^^ 



F)^Gr-4§-4s-an~eft^ 

wh ere in s p li ne t e eth in a sh aft tooth s e ct io n and a huk-4eeth-seetieR ar e of a ft 
i nvolut e sh ap e; and 
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BEST MODE FOR CARRYING OUT THE INVENTION 

5 FIG. 1 shows a shaft/hub unit 10 which incorporates a power transmitting 

mechanism according to a first embodiment of the present invention. The shaft/hub 
unit 10 serves as part of a constant velocity joint. The shaft/hub unit 10 comprises a 
shaft 12 (d i ff e rent embodiments o f- which ar e idei^ie44B4he-afipr- ep riate figures-wife 
the followi ng corresponding reference numbers V^ ^AQ^rAQ^r-o^XQi^h functioning as 

.0 a power transmitting shaft and a hub 14 {diff e r e nt e m feHs^iffle^ 

idefrttfie d i n th e appropriat e f i gur es wit h th e fo llewif^-eeffes pond i ng ref efence 
mmbers 1 4^— 44 2T ^4s r -^f-444) functioning as an inner ring that is disposed in 
openings in an outer cup (not shown) and has guide grooves 15 receiving therein 
balls (not shown). 

.5 The shaft 12 has fitting portions 18 on its respective opposite ends each fitting 

in an axial hole 16 in the hub 14. In FIG. 1, only one end of the shaft 12 is shown, 
with the other end omitted from illustration. The fitting portion 18 has a shaft tooth 
section 22 (the oth e^ embodim ef^f-wh^^ in th e-appfepfiate-Rgufes 

with the following corr e sponding reference numb e r 22') comprising a plurality of 
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straight spline teeth 20 which have a predetermined tooth length in the axial direction 
of the shaft 12 and which are formed successively in the circumferential direction of 
the shaft 12. Specifically, the shaft tooth section 22 comprises a circumferentially 
alternate succession of convex peaks 22a (the other embodiment of which is 
illustrated in the appropriate figures with the following corresponding reference 
number 22a') and concave valleys 22b (diff e r e nt em bo dim e nts -of whi c h a re 
iltasfr ato d in the appropria te~figwes--^A4^^ corresp o nding re fefeeoe 

numbers 22b A . T ^2r^S^^ T ^A r ^ & .o^^^ 

The shaft 12 has a shaft shank 24 extending from an end of the shaft tooth 
section 22 which is closer to the center of the shaft 12. A retaining ring (not shown) 
is mounted in an annular groove (not shown) defined in the end of the shaft 12 for 
preventing the hub 14 from being released from the shaft 12. 

When the shaft 12 is viewed radially inwardly, as shown in FIG. 2A, each 
peak 22a of the shaft tooth section 22 is crowned such that the tooth thickness is 
maximum at a crowning top P0 and progressively decreases from the crowning top 
P0 toward the opposite ends of the peak 22a. Stated otherwise, the peak 22a as it is 
viewed in plan has a crowning shape whose opposite sides are equally curved as 
shown in FIG. 2A. 

The hub 14 has, on the inner circumferential surface of the axial hole 16, a 



-IB- 
hub tooth section 28 ( different e mb ed m e nts of which are ill ^stFate4-4fh-4he 

apfifOfi riat e figur es with the following corresponding referen ce numbers -284-r-^Sa7 

2&% r 2%4 T 2&^ ox 28s ) having a plurality of straight spline teeth 26 that fit in the fitting 

portion 18 of the shaft 12. Specifically, the hub tooth section 28 comprises a 

circumferentialiy alternate succession of convex peaks 28a and concave valleys 28b 

(see FIGS. 12 through 14). As shown in FIG. 2A, the peaks 28a have substantially 

the same tooth thickness and extend substantially parallel to the axial direction of the 

shaft 12. 

FIG, 3 shows, in enlarged partial longitudinal cross section in the axial 
direction of the shaft 12, that a peak 28a of the hub tooth section 28 engages in a 
valley 22b of the shaft tooth section 22. In FIG. 3, a position corresponding to the 
crowning top is represented by PO. 

A point P1 (changing point) is established on the bottom land of the valley 22b 
at a position which is displaced horizontally a predetermined distance L1 toward the 
shaft shank 24 from a position (see the broken-line) on the bottom land of the valley 
22 (valley radius <J>A1) in alignment with the crowning top PO. From the point P1, the 
bottom land of the valley 22 is raised radially outwardly toward the hub tooth section 
28, providing a first step region 30 having a valley radius (|)A2. The first step region 
30 extends horizontally a predetermined distance L2 toward the shaft shank 24 and 
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is joined to the shaft shank 24. 

The first step region 30 of the shaft tooth section 22 may have a slanted 
surface or an arcuate curved surface or a compound surface having a predetermined 
radius of curvature. The peak 22a of the shank tooth section 22 has an outside 
diameter which may remain constant in the axia! direction, as shown in FIGS. 3 and 
4, or which may progressively decrease from an area close to the point P1 toward 
the shaft shank 24, as shown as 22a ? in FIG. 5. With the outside diameter of the 
peak 22a 22a' progressively decreasing toward the shaft shank 24, the shaft tooth 
section 22 can easily be manufactured by rolling racks , as described later-onr and 
the function of the shaft tooth section 22 to transmit torque is not lowered. In FIG. 5, 
the reference character "H" represents a horizontal line to be compared with a 
change (reduction) in the outside diameter of the peak 2~2a 22a\ 

On the peak 28a of the hub tooth section 28, there is established a point P2 at 
a position which is offset a predetermined distance L4 from the point P1 in the shaft 
tooth section 22 in a horizontal direction away from the shaft shank 24. From the 
point P2, the peak 28a changes its peak radius 4>A3 to a peak radius <|>A4, providing 
a second step region 32 with the peal radius (|>A4. The second step region 32 
extends horizontally a predetermined distance L3 toward the shaft shank 24. 

The second step region 32 of the hub tooth section 28 may have a slanted 
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surface or an arcuate curved surface or a compound surface having a predetermined 
radius of curvature, and may be of a shape different from the shape of the first step 
region 30. The tilt angle of the second step region 32 is set as desired 
complementarily to the tilt angle of the first step region 30. The shape of the hub 
tooth section 28 is not limited to the shape of the second step region 32, but may 
include a round shape, a tapered tape, or the like having a predetermined radius of 
curvature. The valleys 28b of the hub tooth section 28 have an inside diameter 
which remains constant in the axial direction. 

The valley radii <|>A1 , (|)A2 represent respective distances from the central axis 
of the shaft 12 to the bottom lands of the valley 22b of the shaft tooth section 22. 
The peak radii (|)A3, $A4 represent respective distances from the central axis of the 
shaft 1 2 to the top lands of the peak 28a of the hub tooth section 28. 

The distance L2 in the shaft tooth section 22 may be set to a value greater 
than the distance L1 in the shaft tooth section 22 (L1 < L2) in order to establish 
different major load transmitting regions for transmitting different loads including a 
low load, a medium load, and a high load, for example, depending on the magnitude 
of the load applied to the area where the shaft tooth section 22 and the hub tooth 
section 28 mesh with each other. The distance L2 in the shaft tooth section 22 and 
the distance L3 in the hub tooth section 22 may be set to substantially equal values 
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(L2 « L3), and or the distance L3 in the hub tooth section 22 may be set to a value 
greater than the distance L2 in the shaft tooth section 22 (L2 < 13), for allowing an 
offset (described later) to be easily established depending on dimensional tolerance 
and dimensional accuracy and also for improving the ease in assembling the shaft 
12 and the hub 14 together. 

As can be seen from FIG. 3, the point P1 as a starting point (changing point) 
where the first step region 30 of the shaft tooth section 22 starts to rise and the point 
P2 as a starting point (changing point) where the second step region 32 of the hub 
tooth section 28 starts to rise are offset substantially horizontally from each other by 
a predetermined distance L4. 

Therefore, when torque is applied to the shaft/hub unit 10 wherein the shaft 
tooth section 22 and the hub tooth section 28 mesh with each other, since the point 
P1 in the shaft tooth section 22 and the point P2 in the hub tooth section 28 are 
offset from each other by the distance L4, the stresses imposed on the shaft/hub unit 
10 are distributed to the points P1, P2, thereby relaxing stress concentration. 



from concentrating on, but are distributed to, the shaft tooth section 22 and the hub 

tooth section 28, thus increasing static mechanical strength and fatigue strength of 
the area where the shaft tooth section 22 and the hub tooth section 28 mesh with 




As a result, the stresses are prevented 
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each other. 

As with an embodim e nt to be describ e d lat er- with refe fefi ce to F I G. 17, the 
The points P1 , P2 may be vertically aligned with each other without being offset from 
each other. With such an arrangement the first step region 30 in the shaft tooth 
section 22 and the second step region 32 in the hub tooth section 28 coact with each 
other in distributing the stresses applied to the first step region 30 and relaxing stress 
concentration. 

In FIG. 4, a right-angled triangle formed by interconnecting points P1, P3, P4 
may have its cross-sectional area increased, and the angle 0 formed between a line 
segment P14 interconnecting the points P1, P4 and a line segment P13 
interconnecting the points P1, P3, i.e., the tilt angle 0 of the first step region 30, may 
be set to a predetermined value for further relaxing stress concentration with a 
tapered surface 34 of the first step region 30. 

The relationship between the tilt angle 0 of the first step region 30, stress 
relaxation, and productivity is shown in FIG. 6. It can be seen from FIG. 6 that stress 
relaxation and productivity are good (see symbol "O") if the tilt angle 6 is set to a 
value in the range from 5 degrees to 45 degrees, and optimum (see symbol "®") if 
the tilt angle 9 is set to a value in the range from 10 degrees to 35 degrees. 

If the tilt angle 9 is set to 3 degrees, no sufficient stress distribution capability 



is available, and it is difficult to manufacture the shaft tooth section 22 with rolling 
racks, to be described later. If the tilt angle 9 is set to 90 degrees, excessive 
stresses concentrate on the first step region 30, and the durability of rolling racks 
used to manufacture the shaft tooth section 22 is reduced. 

An ordinary shaft/hub spline fitting arrangement which is free of the first and 
second step regions 30, 32 has a stress peak point produced in the vicinity of the 
shaft shank. According to aspects of the present invention first embodiment , 
however, the first step region 30 is provided in the shaft tooth section 22 to allow 
some stresses to concentrate on the point P1, thus distributing stresses that tend to 
concentrate on the shaft shank 24. If the tilt angle 9 of the first step region 30 in the 
shaft tooth section 22 is set to too a large value, e.g., 90 degrees, for example, then 
excessive stresses concentrate on the point P1, failing to provide a stress 
distributing (stress relaxing) capability. By setting the tilt angle 9, i.e., the rise angle, 
of the first step region 30 to an appropriate value, the concentration of stresses in the 
vicinity of the shaft shank 24 is suitably distributed to reduce stresses at the peak 
point. 

FIG. 7 shows a characteristic curve A (broken-line curve) of stresses on a 
comparative shaft wherein the first step region 30 and the second step region 32 are 
not formed in the shaft tooth section 22 and the hub tooth section 28 and a 



characteristic curve B (solid-line curve) of stresses on a shaft wherein the points P1, 
P2 are offset from each other by a predetermined distance and the tilt angle 0 of the 
first step region 30 is set to a large value. A comparison between the characteristic 
curve A and the characteristic curve B indicates that according to the characteristic 
curve B which represents the structure having the tapered surface 34, the peak of 
stresses is reduced and the concentration of stresses is relaxed. 

FIG. 8 shows a characteristic curve C of stresses on a shaft wherein the tilt 
angle 6 of the first step region 30 is smaller than with the characteristic curve B. It 
can be understood from FIG. 8 that by reducing the tilt angle 9 to increase the size of 
the tapered surface 34, the tapered surface 34 is capable of more relaxing stresses 
(compare a portion a of the characteristic curve B shown in FIG. 7 and a portion (3 of 
the characteristic curve C shown in FIG. 8). 

FIG. 9 shows a characteristic curve M (solid-line curve) of stresses on a shaft 
wherein the point P1 in the shaft tooth section 22 and the point P2 in the hub tooth 
section 28 are offset from each other by a predetermined distance, and a 
characteristic curve N (broken-line curve) of stresses on a shaft wherein the points 
P1, P2 are not offset from each other, i.e., the distance by which the points P1, P2 
are spaced horizontally from each other is nil. 

A comparison of offset and offset-free portions (see portions y of the 



characteristic curves M, N) shows that the characteristic curve M of the shaft wherein 
the starting point P1 in the shaft tooth section and the starting point P2 in the hub 
tooth section are offset from each other is more gradual than the characteristic curve 
N wherein the starting points PI P2 are not offset from each other. The offset 
starting points P1, P2 are effective in relaxing stresses in the area where the radii 
change. 

FIGS. 2A and 2B show the manner in which the crowned peak 22a of the 
shaft tooth section 22 and the straight peaks 28a of the hub tooth section 28, which 
are held in mesh with each other, are deformed when torque is applied to them in 
their unloaded state. It is assumed that when torque is applied to the peaks 22a, 
28a, a load is applied to them in the direction indicated by the arrow Y which is 
perpendicular to the axis of the crowned peak 22a. 

FIG. 10 shows the relationship between stresses developed on the shaft and 
positions where the stresses are measured (see the arrow X in FIGS. 2A and 2B). It 
can be seen from FIG. 10 that as the magnitude of an applied load varies, the peak 
point of stresses changes along the measured positions. If the magnitude of the 
applied load varies through three stages, i.e., a low load, a medium load, and a high 
load, then characteristic curves that are plotted under those loads include a low-load 
characteristic curve D, a medium-load characteristic curve E, and a high-load 



-23- 

characteristic curve F, respectively. 

FIG. 11 shows the relationship between the classification of the applied loads, 
i.e., the low load, the medium load, and the high loads, and positions where the 
loads are applied. As can be understood from FIG. 2B, the shaft tooth section 22 
and the hub tooth section 28 mesh with each other in successively changing areas, 
i.e., a circular area a, a circular area b, and a circular area c corresponding 
respectively to load-applied positions a, b, c, depending on the magnitude of the 
applied load. The areas in which the shaft tooth section 22 and the hub tooth section 
28 mesh with each other are displaced away from the crowning top PO toward the 
shaft shank 24 depending on the magnitude of the applied load. 

Specifically, when the low load is applied, the circular area a serves as a 
major low-load transmitting area. When the medium load is applied, the circular area 
b which is displaced slightly from the circular area a toward the shaft shank 24 
serves as a major medium-load transmitting area. When the high load is applied, the 
circular area c which is displaced slightly from the circular area b toward the shaft 
shank 24 serves as a major high-load transmitting area. 

With the shaft tooth section 22 being thus crowned with the changing tooth 
thickness, the area where the load is transmitted (the peak point of stresses) 
changes depending on the magnitude of the applied load, thus relaxing the 
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concentration of stresses on particular areas. 

FIGS. 12 through 14 are enlarged partial longitudinal cross-sectional views 
taken along line XII - XII, line XIII - XIII, and line XIV - XIV, respectively, of FIG. 3, 
showing the engagement of the peak 28a of the hub tooth section 28 in the valley 
22b of the shaft tooth section 22b at the time the shaft 12 and the hub 14 are 
assembled together. In FIGS. 12 through 14, <j>d1 through 4>d3 represent pitch circle 
radii from the central axis of the shaft 12. 

Since the shaft tooth section 22 is crowned, the peak 28a is held in contact 
with the surface of the valley 22b only in the vicinity of the crowning top PO (see FIG. 
13) and is held out of contact with the surface of the valley 22b in other areas (see 
FIGS. 12 and 14). 

As the shaft tooth section 22 is of the crowned shape, the area of contact 
between the shaft tooth section 22 and the hub tooth section 28 is reduced, and the 
pressing load applied to assemble the shaft 12 and the hub 14 are assembled 
together is lowered to reduce stresses acting on the valley 22b of the shaft tooth 
section 22. Since the pressing load applied to assemble the shaft 12 and the hub 14 
are assembled together is not increased, backlash between the shaft tooth section 
22 and the hub tooth section 28 is suppressed. 

As can be understood from a comparison between FIGS. 12 and 13 and FIG. 
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14, the radius of the shaft tooth section 22 in a stress concentrating region can be 
increased by 5 by forming the first step region 30 and the second step region 32 in 
portions of the shaft tooth section 22 and the hub tooth section 28 which are close to 
the shaft shank 24. 

5 Since the radius of the shaft tooth section 22 in the stress concentrating 

region is increased by 8, the radius of curvature of the bottom land R of the valley 
22b of the shaft tooth section 22 can be increased for stress distribution. Overall 
stresses (main stresses) can be lowered by increasing the radius of the region close 
to the shaft shank 24 as compared with other regions. 

.0 While this invention has been described in conjunction with the exemplary 

aspects outlined above, various alternatives, modifications, variations, 
improvements, and/or substantial equivalents, whether known or that are or may be 
presently unforeseen, may become apparent to those having at least ordinary skill in 
the art Accordingly, the exemplary aspects of the invention, as set forth above, are 

-5 intended to be illustrative, not limiting. Various changes may be made without 

departing from the spirit and scope of the invention. Therefore, the invention is 
intended to embrace all known or later-developed alternatives, modifications, 
variations, improvements, and/or substantial equivalents. 
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mechanism accord i ng to a s e cond embodiment of the pre s e nt i nv e nt i o n. — These 
p arts of th e p eweF4fans m i tt i ng m ec hanism accord in g to th e seeend-emfeod+ment 
whieh-aiB-iderrifeaM^ 

first e m bod im ef^--affi--de not e d b y-ide nt i ca l r^fe fenee-efc^^ 
d e scrib ed i n -de tai l b el ow. 

F I G. 16 shows, in e nlarg e d partial longitu dinal cross s eetien -a--peak-2 8 a of a 

hub tooth s e ctio n 2 8 - which e ng ages in a valley 22b of a shaft to eth-seetfeiva£r--~-A 

displa c e d h or iz o nt a l ly a pred etermi ned distance L1 to w ard the shaft shank 24 from a 
pos i t i on (see th e broken - to e ) o n th e bottom l a nd of th e val le y 22 (va lle y r adius>B4) 
Ifr^iffHTfe nt w i th the crowning top P O. — From th e po i nt F1, an a feuate-fegleR-4^0 
extends4ewafd-tbe-bu^to 

arcuat e r e g i on T3Q-ha v i ng a radius W eT^ufvatofe^om-a-Ge nter of--GUf-vature-at--a 
po i nt P3 . 

T he p e ak 22a ef-the shank teeth s e ct i on 2 2 h a s-~afr-eutsl de^iametef^^f eh 

may progr e ss i v el y de cre a se f r om an -a rea c lo s e to t he poi n t P1 to war d tfre-sftaft 
shank 2 4, a s s h own i n FIG . 5 . 

On th e pe ak 28a of the hub tooth section 28, th e re is est ablish ed a point P2 a t 
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a-pesitiefv-\A4 : we^^ 

tooth s e ction 22 i n a horizonta l d i r ec t ieR-^wa^4fem4he^ aft shank 2 4 — Ff orn th e 
poi n t P2, th e p e a k 2 8 a changes its p ea k ra d U^s $B2 4 o a peak rad i us §B3, providing 
a st e p r e g i on 132 with th e p e ak rad i us c [>6& — The step region -432— extends 
hor i zonta tiy-a- predet e rmined distance L3 toward th e shaft -stof^4r 

The st e p r e g i on 132 of th e hu b to o th s ec t i o n - 28, which is ^faoted-away-frem 

th e shaft t ooth s e ction 22 ; may h a v e a s lant e d s urfac e or a n -af euate-eur-ved - surf-aee 
o r a comp ow d surfac e ha vi ng a pr e d e t e rmi nedHEad^ 

the st e p r e gion 132 start i ng from th e-point P2 is set as-desired complem e ntarily to 
th e tilt an g le e 44he^-afeu ate r e gion 130. Th e shap e of th e-fruk-te ot h s e ct i on 28 is -net 
l im i t e d t o th e-s hap e of th e st e p r e gion 1 32 , but may includ e -a-femd-s tope, a 
tapered -4ape : or the like h avin g a pre determined rad ius of cwvatoe. — The valleys 
2-8te>- of th e h u b tooth s e ction 28 hav e an i ns i d e d i a m e t^-^A44Glvr-emaiRs-e0n^ant^ 
the ax i al d i r e ction. 

T he va lle y rad i us <j>B1 r e pr ese nts a d i stan ce-fr om th e-^entfat-axis-^f4l^e-shaft 

<j>B27Hj>i^^^ 

top l ands of t h e p ea k 28a of4^^e4ub40et-h-seeti0f>-^- 

The~d istance L2 in th e shaft tooth section 22 is s e t to a value gr e at e r than th e 
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distanc e L1 in th e shaft tooth sect -fen 22 ( L1 < L2) , and th e d i st aR€e4^4fH^e4H^ 
teeth- section 22 is set to a va lue smal l er t h an t he distanc e k-2 in the shaft- tooth 
section 22 ( L2 > L3)t 

A s c a n be soo n f r o m FIG. 16, th e- po i nt P1 as-a-staf-t+ng po i nt ( ch a n§in§-pefRt) 

5 whe r e t he arcuat e r e g i on 13 0-e f th e s haft toot-h--see4ioB^ ^ 

P2 as a starting poin t (ch a n g i ng point) wh e r e th e- st e p r e g i on 132 i rv 4h€h-h^>4eeth 
sect io n 28 starts to fi se are offs et-s ubstantia lty--hefi zontally fr om- each o th er b y-a 
p redeterm i ned distance LA 

There f o r e , wh e n torqu e is applied to the shaft/hub unit 10 wherein t he sh aft 

o tooth s e ction 22 and th e hub tooth s e ct i on 2 8 -me sh w i th e a elvefeefr^ee^e-pelfit 

P1 i n th e shaft tooth s e ct i on 22-an d th e poi nt-fi24n th e hub toeth-seetjef^2g-afe 
effset- from e ach ethef-by^l^dtetaf^ee^^Mhe stressesHmpc^ed-^f^fee^haft/hub^nit 
4 00 ar e d istri but e d to the points P1, P2, th e reby relaxrog-st r ' ess co n e eMFatfeftr 

As a r e su l t, th e stresses-are^f-eve^^^ on, but— are 

.5 d i str i but e d to, the shaft -4eeth-see t i on 22 and th e hub toeth—seetion- gSr-tfrus 

shaft teotl^eetion-22-and-the hub tooth section 2 8-mesh-wf th each e thefv 

As-she wn in FIG. 17, th e po in ts P1, P2 may be v e rticall^ -atigro4^A/4th-^^ 

etfreMwtfr^ from e a e h oth er. W i th such an affa^geme^-4he-afeuate 
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fe§40B-44Q-ift-the shaft tooth seetiefi--22-afl44he^^ 

seetien 2 8 c o act with e ach oth eM n distributing th e stress e s appli e d te-t-he arcuat e 



regies 



FIG. 18 s hows a ch a ract e r i s tfc-€urve- <B (brok e n -l in e curve) of stresses-on-a 

eemj3Kafative-ste^ 

2&-aftd a characte r i stic curv e K (so lid line curv e) o f stress e s o n-a-steft- where i n th e 
points P 1 f P2 ar e of fee t from each oth er by-the-predetermined-- d i sta nee- L4 r --the 



step -regiea- 



form e d in the hub tooth s e ction 28, as shown in F I G. 16. 



/V-eompaf-ison b e tw ee n th e c h a f act e rist i c c u rve 6~ and th e ch araetefie tic curv e 

K i nd i c a t e s th at according to th e ch a faete4stie-wve-l4-ef-FI G . 16, the peak of 
stresses is distrib &ted-4e ar e as to, t1, a fid--^efice--is---Fedij6e d in -the— a-Fea-44-r 
Speetfioati y, though th e st -ress-m th e area t^ef4he-etoaoteris t i c curve K -~4s-N§Mef 
than the str e ss i n th e~a r e a tO of th e c h aract e r i s ti c curv e G, s mee th e m a^mum-stress 
i n th e a r ea t1 of th e cha raetefi-sti c curv e K i s-4ewer-4tefi-t- tot of the ~ebaraeter-istie 



^due-edy-and 



jced-in4he~eRtire~measufed--pesitioFvsT 



FIG. 19 sh ews a ch a r act eris t i c curve M (sol i d - lin e cu fv e) of str e ss e s -on-a 



sfrafr- wh e r e in th e points P1, P2 ar e off se t from e ach oth e r by a pr e d e t e r mined 
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d is tanc e and a c h aract e ristic cu f v e N (brok e n - l in e cu r v e ) of str e ss e s on a shaft 
wh e r e in th e p oin ts P1, P2 are not o ffs e t from e a oh-ot h e r, i. e ., t ^e^^taftee-te-y-whieh 

t ho nn i ntQ P1 am c na pp*H hnriyn nfalh/ frnm pa rh ntH^ar tQ nil 

tf""i KZ~"yJxJl ft to i r~] I C Ol v3 OUCtvCU T\\J\\t^Xj\\ id try rrv/ri 1 Cuvt I uti i~f rO tilt. 

A compar i so n o f offs e t a nd offset-fr-ee— portions (see -portio ns a of th e 

etoaoteftetio-eu rves M, N of FIG. 19 ) s hows that the cha faotefi stic curve M of 4ke 
shaft w he r ein the starfo§~ po i nt P 1 in t he shaft4eeth-se ct i on and fe e-stertln§--poifrt--P£ 
i n the hub t ooth section ar e offs e t f ro m e ach oth e r is mofe-§fa€kjal-4han-#ie 
clwaoterisfe-cup^ 

oth e r. Th e offs e t sta f f i ng points P1, P2 ar e eff e ct ive4 n r el axing stresses i n the area 
wh e r e t l^e-fadti-o tong e. 

FIGS. 20 th fough-~2^- ar e e nlarg ed-^afttaMeR gitud i na l c ross-seetonal---¥iews 

taken-along-line-XX ■ XX , lin e XXI — XX4 T --and-line XXII - -XXII T -fespeGtively ! of FIG r-4§7 
showin§4he-ei^ ag e m e nt of th e p e a k 2 8 a-of- th e hub -tooth-section 28 in th e va lley 
22b of the shaft tooth s ec tio n 2-2-b at th e time th e shaft— 42 and th e~~ hub 1 4-afe 
ass e mb le d tog e th e r ^-- Th e op e rat i on a nd^€^affeges^f4he^haft^ b un i t 100 shown 
i n F I GS. 20 thro y§l^a3-afe-i d e ntica l to those -of -the-sh aft/hub unit 1-Q shown- in FIGS. 
-1 2 through 1 4 , and wiH^et-ke d e scrib e d in de t ai l b e l owr 

Be caus e of th e crow ne4-shaft-- tooth s e ct i o n 22, the load tra nsmitting--fe§fon 

(stress peak po i nt) varies d ep ending on the ma gnitu d e of th e a pfitie4-tead-a^-wif{n 
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th e first embodiment , as s h e w n i n FIG S . 2A, 2B ; 10 a^~44r 

F I G. 23 s hows-a-sh aft/hub u n it 200 which inco fper at e s a po wef4^smitting 

mechan ism accord ing to a third embodiment o f the~pf esent-4nvention . F i G. 2 4 
sho ws, in e n l arg e€H^aftial4o n oi -a-frub-teotfr 
s e ction 28 en ga§es4n-€H /alley 22b o f a s h aft tooth s e ct ien^2r 

A po i nt P1 ( changing p o i nt) i s es tab li s he4-0fHthe^ttoffl-l and of the va l ley 2-2 b 

a : ^-a- pos i t i on wh i ch is d i spla ced-heh zontal l y a pr e d e t e rm i n e d dist anee4z44eward-4he 
shaft-shan k 2 4 f fflm^-positiof^see^ 

2 2 (va l l e y ra 4tus^G4)4n-ali§nme nt w i th 4he crow nlng4op-POr--f-fOffl--the-f) ofnt-R-Mh^ 
r ad i us o f th e b o tto m lan e o f the va l l e y 22 b is p ro g re ssively inc rease^-tew ard th e hub 
tooth secti on 28 , ^fe v i d i ng a tap e r ed re§iefh-2 30. Th e4ap ered reg i on 23G ~extends 
tewafd-an4-is-^ined-to4he-sh^f^shank--24T 

Th e p e ak 22a of th e sha nk tooth seefcion-22- has an outside-cti a m e t e r w hich 

may remain constant in the axial direction, as s he w n in FIG. 24 , o r w h ich ma y 
pr og r e s s iv el y d e cr e as e f r o m-an- ar ea clos e to th e p omt- P1 toward th e s h aft shank 2 4, 

de cr e asing toward the-sfraft^ 

manufact ur e d by rol l ing ra e ks, as d e scr i b e d I ater-on^-and-the- funct i on of the shaft 
tooth section 22 to trans m it torqu e i s not towered, — In FIG. 25 , t h e reference 
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cha ra c ter "H" repr e s e nt s a horizo frtaN in e to be co mpafed-w it h a change (fedwfefi) 
in th e outeide d i am e t e r of 4he p e ak 22a. 

Qfi4he-peak 28 a o f the hub to oth s e ct io n 2 8, there is e stab fehed-^eifvt--P2-at 

a position which is -o ffs e t a pr e d ete rmin e d dista nce4=-34ref ri th e po int P1 in the shaft 
5 to oth s e ction 22 ift-a- horizonta l-difec tion away from fo e-steaft-s hank 2 4 — From4he 

p o i nt P2, the-peo^-2-8a--€-haR§e^ rad iu s ^CS-r-providing 

a st e p r e g i o fh^^A /ith t he pe al radius < ))C3. Th e st e p r egieR-23 2 e xt e nds -hofizof^ally 
a predet ermme<d~d istanc e L2 -toward the sh aft-^hank~24r 

Th e step r e g i on 232 of the hub to oth-section 28 ma^-ha ve -a -sla nted surface 

. o or an ar c uat e c ur v e d surfa ee-ef-a compound sur-faee- having- a pr e d e t e rm imd-fadms 

of c u rva t ure. Th o tilt angle of the st ep regi o n 232 s tart i ng from t h e po int P2 ie-set as 
des#ed^erapleironteB^ 

hub toot h s e cti on- 28 i s not limi t e d to t he shape-of-fee st e p r e g i on 232, but-may 
iftot u de a round sh aper- a tapered tapor-oF-the like having a -prede t e rm i ned -radms-of 
.5 cur vatu re. — The va lle ys 28b of th e hub tooth ^eetlofh-28--ha v e an inside d iameter 

The-valley-^adlusH|>G4-rep res e nts a d ista nee -f rom-fee-ce n t r-a I axis of- the s h a ft 

454o4he^ottem4afid-o^th 

fy&Zj-^ Qd re pr e s en^e spect i v e d is tanc e s from ^he-oefii ra l ax i s o f4h€h-steft-4-24o-4he 
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top lands of the pe ak-agans^e-h iib tooth section 28 t 

As^eaR-be see n from F I G. 2 4 , th e p oin t P1 as a start i ng po i nt wh efe-4he 

tapered regi o n-2^Q-0f4he--shaft t oo t h sestiefl- 2 2 s ta ft&4o-r4 s e an 44he--peifrt-P2-as-a 
start i ng p o in t AA /here the step r egion 23 2 in th e hub too tb-sectien- a8 starts to ri se-am 
off se t sub stanti ally horizonta H^fro m each ot h er by-a-pfe d e t e rmin e d distanc e L3. 

Th e r e for e, w he n torqu e i s a p plie d to the s haft/hy^nf^OQ- wh e r ei n th e s haft 

tooth s ec tion -32 and th e hub teeth sec tion 2 8 mesh-A/vit-h-eaeh oth e r, since th e-pei-R-t 

P44iM:^-sftaft4^^ are 

offs e t from ea c h o the r by th e d i sta nc e L3, the s tr esses impo s ed on t h e-s haft/hub un i t 
200 ar e d i strib uted-40 th e po i nts P1, P2, th e r e by rela-x-iBg--stre-s^-eeneefitfatienT 
As a r e sult, since th e con ce nt ra t ion of str es s es-fe-r-eiax e d, but stresses a re 

shaft tooth section 22 an d th e hub tooth s ection- 28 m e sh with e ach oth ef-ar-e 
i ncr e as ed. 

B y mak i ng th e rise a ngle 6 of the ta p e r e d ^egieFv-2£Q-sfRa^ 

r e laxat ion 

Tben^latioi^ip-^^ 

relaxation ^ nd pro ducti v i ty i s sh o wn i n F I G. 26 . It-ean-be-seen from F I G r--2§-ttrat 
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stress^ei axation and prodbfGtivity-are good (see sy mbol^O !! )4f4fre r i s e angl e 6 is s et 
te^a- val ue i n th e rang e from 6 d e gr ee s - to 65 d e g feesy-a^^^^tifm^m (s ee sym teei-'W-') 
if th e r is e an gle 9 is sot to a value in the range from 10 degr ee s t o 30 degfeesr 



is avail a&teT— tf the rise angle 9 is-set-to 65 degrees-:- an inexpensive-fotlifig -proGess 
u s in g r o lli ng ra c ks , to b e d e scri be d lat e r, can not-fee e m fileyedr-^f^ pro duct i v rty-4s 
Iewefe4r 

Fl-GT^27^s^ws-cHel^afaeter ist i c cu rve R-(bfokeB-tine-ouf ve)--0^stf esses on^a 

comparativ e shaft wh e r ei n th e tap e r e d r e gi on-23Q--and the step re g ion 232 ar e not 
formed in th e s haft tooth s e ct i on 22 a n d th e hub teeth-seetten-28 and a charact eristic 
curv e S (solid ' li n e curv e ) of ~stfes s es on a sha ft~wherein-4he^^ 

i s form ed . 

It can be see n fro m FIG. 27 th a t a c cording to the charact e ri stic- curv e S 

r epresentin g th e shaft wh erein th e poi nts P1, P2 ar e not offs e t from eaej^^riefr-^rie 

a ccording to -t h e cha r acte ristic-cur ve R repr e s enting t he co m p arativ e s ha ft, but-more 
s tr es s e s c onc e ntrate o n a n ar e a wh e r e-tfre-poi nts P1, P2 a re v e rt icaii^-aiigfted-witri 
e ach o th er (see a p ortion a in FIG. 27), 
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I n FI G . 28, a charact e ristic curv e T (so li d - line curve) repres ents-stresses-en 

th e step region 232 are f ormed re sp e c tivety4n the shafrteeth-sestloR-^-^ and the-lwb 
tooth s e ction 28, and - th e P1 as a start ing p o i nt of t he-ta-perednpeg i o n 230 and th e 
p o int P2 as a s tarting point oM h e st e p reg i on 2 3 2- a re offset from e ach ether 
horizo n t a ll y b y a pre d e t e rm i n e d d i stan ce L3. It c a n be u n d ersto od from F I G. 28 th at 
acco r ding to the-ehaf acteristic curv e-Tr-s tr es s e s in th e-area-whe r e th e po i nts P1, P2 
ar e offs e t from each other (s ee a p o r t io n p i n F IG. 28) are less- int e ns i v e than 
accord i ng to th e ch ar a cteristic curv e S (se e F I G. 27) r e pr e s e nting th e st ructure 
wherein th e points P1, P2 are not offset from each other (bas e d on a -eem^men 
b e tw e en th e port i on a ifv^Q^-2-T- and th e-portforH^4fr^ 

FIG. 29 shows a elwaete ristic cu rve-M^sotid4ine-owve-)--of--stfes-ses-on-a 

shafrwhe r ei n t he po in t P1 i n the shaft tooth s ection- 22 and t ho-point P2 in th e-hufe 
tooth-s ection 28 are offs e t fr o m each oth e r b y a -predet e rmine4-€fet anc e , and a 
c h a ra c t e r i st i c curv e-N-(bro k e n li ne cur -vehof stresses on a sha ft - wh e r em-the^ofnts 

ar e spaced h orizon ta l ly fr om-eao h other is nil. 

A compa ri son of o ffset an d offs e t fre e p ortions (see por-tions-^HfHRGr-2-9) 

shows tha Mho characteristic curv e M of the sh aft^A^lweffl4he-eta rting point P1 in -the 
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s haft tooth section and-the st a rti ng po i nt P2 in the hub tooth section-are offs e t from 
ea ch oth er i s mo fe gra cfaaMfra n t he ehar-aetefistic curv e N wh e r e in th e star ting 
points P 1, P2 are not offset from eao tvoth er. Th e- offs e t sta r ti fig-poff^s P1, P2 are 
e ff e ct i v e i n rel a x i ng str e sses i n th e ar ea-w^efe4^e-pa d i i chang e . 

FI GS. 30 through 32 afe-efttaf§ed-^aftial-4en cross seetiofiaWfews 

taken a lon g line XXX XXX, lin e XXX I XXXI, and line XXXI I XXXII, resp ecti v el y, of 
F I G. 24, show i ng t-he-engagement of th e p ea^- 28a of th e hub tooth -se ct i on 2 8-4ft-the 

ass embl ed together. Th e operation and advantages of the shaft/hub unit 200 shown 
i n FI GS . 30 through 32 ar e id e ntica l to those-of t he s haft/hub unfc -4Q-sfrewn in RGS,- 
1 2 throu gh 14, and w ill n o t b e d e s eri b e d in d etail b el ow r 

{s tr es s p e ak point) vaRes--depending----on - the magn i tu de of th e-apptie d l oad as~witb 
the-fifst embodimen t , as shown i n FIGS. 2A, 2B, 1 0 and 1 1 . 

FIG. 33 shows a s k aft/hub uni t 300 which incorporat e s a power transmitting 

weRtiofiT — F\Gt -34 

sect ion 28 eng a g e s in a valley 22b of a sha f t too t h sec tion 22: 

A s shown i n F I G . 3 4 , th e valle y 22b- of th e shaft t ooth sectio n 22 ha s-a-step 
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r e g i on 332 e xt e nding ho jwntall y a pred e t e rm i ned distance toward th e shaft sha ftk 

24~~an4-~fa^ 

pre de termined angl e^ — The ste p- r eg i o n 3 32 e xtends hor i zontal l y a pred e te rmined 
distance from a st art i ng po i nt P2 and is j oi n e d to the-stofr-^haRk-2-4, — Stated 
oth e rwis e, th e ra d i us o f4 h e shaft tooth s e ction 22 changes from a va lleyn^4ius>E4 
a t t he val l ey 22b to a - va l ley radius (j>E^-a44he- step r e gio n 33-2-.- 
T h e st e p r e gion 332 may h a v e a s l ant e d surface or an arcuat e curv e d surfa ee 

The peak 22a of the sha n k to oth secti on 22 has an outside diameter which 

m a y remain co fts tant in th e-axiai- d i r e ction, as she wfwfh-f^ 37, o r- 

w hi ch m a y prog ressivel y decreas e from an a r ea c l ose to the po i nt P1 tow afd-toe 
shaft^shank-24, as -s hown in A G. 38. W 4fr4he outsi€ie-4iaffleter^-the-peak-2-2a 
prog r e ss i v el y d ec re as ing toward th e shaft s-tepk---24---t-he-shaft tooth seGtion-2-2-€-an 
e as il y b e m a nuf aotoe4^>y^tiing-faok s, as d eseri&ed-l at er orv- and the fu notion-of4he 
shaft toot h s e ction 22 to t ran s mit torque is not lowe r ed. In FIG. 38, th e refe renee 

in th e outsid e diam e te r of the peak 22a. 

As-witb- th o cas e of the p eak 30a, the p e ak 28a of the hub to oth-section 28 

has i ts outs i d e r a dius (|>E3 re main i ng constant i rHthe-a^t-difeeti0fv-^f-- th e hub -44r 
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and the va ll ey 28b of th e hub toot h sect i on - 28 also h as i ts ins i d e ra ^fas-remainiRf 



c onstan t i n th e ax i a l di re ction of th e hub -44r 



weferer-wheft-teFqy* 



>plied 



to th e s h aft/h u fe unit 300 ar e d i sput e d to an afea4J4-e^4he-^ ub tooth section -2-g 
wkich faces the po int P1 in the shaft tooth sec t i on 22 and a n area U 2 of the h ub 
tooth s e ctio f>-2g- which fa ce s t he st e p r e g i on 332 of the-ehKaft-t ooth s e ct i on ^^-so-that 



the^eficeRtrafervcf^ 



As a result, since th e co nc entration o f stresses is relax e d, but stress e s are 

di stribut e d , stat ic m e c hanica l strength an d fat ig u e s tr en gth of th e- ar e a wh e r e th e 
stofr4 oot h s e ction 22 and th e hub too th- s e ct i on 28 mesh w i th e a e£h-etfref--afe 



increased 



In F I G. 35, a r i ght - an gled tr i angl e f ormed-by-ifrtefc onn e cting p eiffe-PVPg-V 

P3 in t he v al ley 22b of th e s ha ft to o t h s ec t ioe- 2 2 m ay-have i ts cross - s ec tiona l ar e a 
i n cr eas e d, and th e-a ngle 8 formed b e tw een a line s egment P 13 int e rc offfieefe§4he 



peffrts 



ttEft/tn ty tl IC7 fawn 



, T the tilt 



angle 0 of4he-step--region 332 r may-be set4e-a-small value-fGr-further-felaxing stress 

conc e ntration with a firsHapered r e gion 33 4 of the st ep-fe§4eFh3£2r 



-Th e r el at i onsh i p b et w ee n the t il t angl e 6 ef-fee-step-re gion 3 3 2, s tress 
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relaxation , and productivity is s ftewn- in FIG. 39. It -ean be se en from F l Qr-39-tfrat 
stress^-fel axation and -fif oductiv i ty ar e- good (see symbo l-^O- ') if th e ti ti-a^§le^4s-set 
te-a-A^we4R4he-ra^^ 
if4he4llt-0f^te^ 

I f the tilt angle 9-is-se t to 3 d e gre e s, no -s uffic ie nt str e ss dis tributioR-Gapa^iirty 

is-avaHable, and i t is d iffi cu l t to ma n ufactu re the shaft tooth se^ efh^Sr^m^-^^ 
racks, to be d e scrib e d lat e r . — i f th e tilt afigle 9 is s e t to 90 d e gr ee s, exc essive 
str e ss e s concentrat e on the first step r e gion 332, an d the du rabil it y of-rolfeg-faeks 
us e d to manufactur e th e shaft toot h s ection 2 2 is reduced 

An-e rdinary sha ft/ hub splin e f i t ti ng arran gemefvMA^^I^^ step 

r e gio n 3 32 has a stres s p e ak point produced i n th e-^4 c i n it y of th e stefr-stoRkr 

s haft toot h-se ct i on 22 te - al l ow so me-s tr e sses to conc e n tr at e o n th e4wb4eetlvsectl0n 
2g-fael ng the point P1, t hus dis t ributing s tr ess e s that 4eftd4e-^eft centrat e o n th e sha ft 
shank 2 4 . I f th e ti l t an gle 9 o f tho st e p r e g i on 332 in th e shaft to ettvsectieR-2a4s-set 

eeReef#ate-^Fh-the-^^ 

str e ss d i str ibu ting (str e ss r el ax i ng ) cap a bili ty . B y se tt ing t he4Ht-aBgle 6, i . e., the-rise 
ang l e, of th e st e p r e gion 332 to an app r opriat e va l^e74he-eeRoentr ation of $tre sses4n 
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th e v ici n i ty of th e shaft sha Rk-24 i s su i tably d i str i but e d to reduc e stresses at t he-peak 
point. 

— As show n i n FI G . 36, i n a- hu b 14a-ei^a§ift§-the-^aft4oeth-seeti0f^23- r a-peff>t 
P-4 may b e e stabl i sh e d as a ris i ng po in t o n the peak-28a- of the hori zonta ll y e xt e n d^ 
hub too t h s e ction 28, and a s e cond tap e r e d r e g i on 336 -ma y b e form e d as e xt ending 
from the po i nt P 4 towa r d the shaft shank 24 o M^yely at a p r edete rm i ned - angle. The 
seGond-tapefed-fegiofi-336 i s form e d so as te 4aee4he- po i nt P1 as-a-s-t-aft-ing-poiRt-ef 

therein, an d has its radius increas ffig4mm-a^tie^a€Uys-<j )E 4 to a -vatiey-Fadius-<(>E§ 
i n a d irec t io n aw a y from the-shaft tooth s e ction 22. 

T-he-pefRt-P4--as-a start i ng poin t-9f-4he-step-^e§fe Fi 332 ifh4he-^aft-4eeth 

th e hub tooth section 2 8 m ay4 3 e off se t from e ach oth e r by a pr ed et e rmin e^i&tanee 
i n th e axial dir e ct i on of th e sh aft 12, or th e points P1, P 4 may be a l ign e d w i th e a eh 
oth e r. With such an a ffan g e m e nt, the ste p region 332 in the shaft to eth-seet4en-2^ 

o rid tho cprnnH ta ngarArl nan inn ^/^R in fh p h iih tnnth cpntinn rnart with par h n thpr 

at ttl tl it? OC wwl tv4 taprOtOtt rv?y t vyf 1 uuv tri t1 I Itrfcr tuULI I o~ultul 1 net; uuuut vvl U t I Wit tv^t 

in di strib u t i ng th e str e ss e s app lied-4o-the second t a pefed r e g i on 336 and r elaxing 
stress concentrat i on . 

Th e r e for e, wh e n torque-is app lie d to th e~shaft /hub un i t 30 O-whefeiFh4he-^haft 
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te o th s e ction 22 and the h ub-too th s e ct i on 28 m es h with e a c h other, the stress es 
impos e d on-the s haft/hub un i t 3 Q Q a re d i str i but e d by th e second-tapered reg i on 336 



thp* hi ih t o o th Q Pf 



3s4he-pGint" P 1 in the shaft tooth 



se ct i on 22 and an area-V2 of th e hu b tootb-sec tion 28 wbteb-faoe s th e po int~P24n~tbe 
shaft tooth section 22 , s e- that the concentra ti on of stfesses is relax e d and th e pe ak 
o f s t resse s is r e duc e d (s ee F I G. 36). As a r e sult, th e f i rst tap e r e d r e gi o n 33 4 fn4he 
h u b too th s ectio n 2 8 i s e ffect i v e in i n c r easin g stat i c mechanical str e ngth and fat i gu e 
stfen§ th of th e area- where th e sh afHootb-sectlon-22^^ 



mesh w ith ea c h o ther. 



As shown in FIG. 37, in a hub 1 lb-e ngag i ng th e -shaf t tooth sect i on 22, a -peint 



>RtaHy-ex4eR4in§ 



bub-tooth-se ction 28, an d-afh-a r c uate regien-33S-havfng~-a-f>ffideterTO 
curvatur e may be-fo rm e d as e xt endin§-f rom th e po i nt P5- -toward th e s h aft~sbank-24r 
Th e arcuate r e g i on 338 is4 orm e d s o as to fa ee 4h e point P1 as a starting point of th e 
st e p r egio n 332 in the sh aft tooth s e ct i on 22 an d the-fifsU ap e r e d r egjon- 33 4 therein 



-Tfre-poi nt P 1 as a s ta r ting p oint-of4 he s t e p reg i on 332 i n the sh aft -tooth 

se ct i on 22 and th e po i nt P5 as a starting p o i R-t-of-t-he-a reua te r e gion 33 8~ifHtbe-hub 



tooth section 28 may be offs e t f rom e a c h oth er b y a pred e te r m ined-dlst ance in th e 
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ax i a l dir e ction of th e shaft 12, or the p oints P1, P§-fflay be a liffted-wtih-^^ 

W i th s uch an arrang e m e nt, th e step ^-egioR-53-2 i n th e s -haft- tooth seoton-22-aft44^e 

th e str e s se s app lie d to t he-areu at e r e gion 338 and r el ax i ng str e ss conc e ntrat ion. 
Th e r e for e , wh e n torqu e i s ap|s4ie€t4e4h€^shafyh^ 

t ooth section 22 a ^d t h e h ub t o oth se ct i on 28 mesh- w ith e a ch o t he r , the st res ses 
impos e d on th e shaft/hub un i t -SQQ-afe-dle tr i but e d by th e ar e uat e r e gion 338 to-ao 
ar e a W1 of th e hu k-tootfr-seoti on 28 wh i ch fa c e s th e p oi nt P1 i n t he shaft -teeth 
section 22 and an ar e a W2 of the hub tooth section 28 which fa c e s the point P2 { in 
t-he-sh-a-fr -toet-h-secti o n 22, so that th e co n ce ntf ai-iOB--of--sfe 

peal^ef- st re ss e s i s r e duced (s e e F I G. 37). As a r es u l t, -the-areu at e r e gion 338 in th e 

hi ih tr^nth Qpntinn 9R i q p ffppfi\/p l n in crp^ Qin n Qf^fir mpph^nip^i Qfr pn nth and fatinup 

s tr e ngth of th e a re a wh e r e th e s h aft tooth s e ct i on 22 an d th e hub tooth s e ct ion-^ 
mes^HA /ith e ach oth e r. 

FIG. 4 0 shews a charact er ist i c cu r ve J -(bFekeB-fe e curve) of stress es o n a 

section -22--and a c hafaeteristte- curv e L (s otid4ifie^uf¥e^ 

wh e r e in the step r egi on 332 starting f r om the starting point P1 is formed in the sh aft 

tooth s e ction 22. — A compar i son b etwe en th e charact e r i st i c curv e--xl~~and--4l^e 
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eharacteristic curv e L i ndi cat es that according to the charact e ristic curve L w hiofr 
repn^esen ts the structur e having t he st e p r e gion 332, th e p e ak of stfesses i s reduced 
ansl^he-coneefrti^^ 

FIG. 41 shows a character i st i c curv e M of stress e s on a shaft w herein t he t il t 

5 angle 8 of the step re gi on 332 is sm allef^ha^vwife- th e characterist i c cu f ve L, I t ca n 

be un de rstood from FIG. 4 1 that th e f i rst taper e d r e g io n 3 3 4 w i t h the-smaileMiit 
angl e 9 is e ff e ct i v e i n mor e s t r e ss r e lax atio n (compar e a-^ae4i€HVHs— ef-the 
eteFaetefisfe curv e L sho w n i n FI G . 4 0 and a -p ort i on [3 of th e ch afao ter i stic eurve-M 
sh own i n F I G. 41). 

.0 FIGS. 4 2 through 44 are en l arg e d partial l ongitudina l cro ss s e ctiona l-views 

tak e n a l ong li n e XLIl XU I, li n e XL I I I — XUU^d4ine--XW-^^ 

va ll ey 22b of-4he-shaft-tGQth s e ction -2-2 at th e t i m e-the shaft 12 nan44 h e hub 14 -are 
assembl e d togeth e r. Th e operat io n and adv ant ag e s of th e s h aft /h ub unit 300 show n 
.5 i n F I GS. 4 2 t h r o ugh 44 ar e id e ntical to thos e of th e shaft/hu b un i t 10 sh ow n in FIGSr 
4^thro4^^47-and^ 
■ — The~-steft4GO 

through 44 may b e of an inv ol ut e shap e as shown i n FIGr-45 . I n F I G . 4 5, skafrteeth 
22c of the shaft tooth se ctio n 22 a nd- hub t e eth - 28c o f the hub toGt-h-seG-tiGR -2-8 
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eofitaet e ach oth e r o B-^efe^eme-^^ r D. T^efef0fer4^e-shaf-t-1-2 

a n d th e hu b 1 4 ca n easily be machined into th e-skaft4 ooth section 22--and-4he hub 



shape d to o ls, and-# 



>etb-seeti0n--22 



with e ach ot-hefr 



Becaus e of th e crown e d shaft to eth-se ction 22, th e load tr ans mitt i ng refien 

{s tr e ss p e ak po i nt) v a r ie s d e p e ndin g o n th e magnitud e of th e a llie d l oad as w ife 
the first e m bo4ifflen^tT-as^hewFhm--FI GS. 2A, 2B----1-Q--an€i--1-4,- 

A proc e ss of manufacturing the spline t e eth 20 of th e shaft tooth seotoft-22 



wfll^e-des cr i b e d b el ow r 



As shown in FIG. 4 6, a rod s haped w e rkpi e ce 4^- which has-been machin e d 



between upper and lower rol l ing r a c k s 4 0a, ^I 0b each made o f a hard mat efiai-aftd 
hav i ng a -s ubstant i a ll y r e ct an gu l ar sha pes- Wh i l e th e^lllR§-fae^-40a T -4Qb-aFe~bein§ 



pre ss e d against th e workp i oc o 4 2, the ro l ling racks 4 0a, 4 0b a re displac e d in 



Gfewned-spiines-er^^^ 

Tke-crew n e d sp l in e- te e th 20 of t ke s haft to o th sectien-^-eaf^4-Mus-easily^e 

form e d by the abov e reHmg- proc e ss. Too l groov es-fteoJ-m arks) hav rnf-a- d e pth o f 
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about 50 |j m -are formed ifv4he~4op-4and^ 

se ction 22 by th e too l i n th e pre vio us mach i n i-n g proc e ss 

The-f©llii^pF0Ge 

th e ro l ling r a c k s 4 0a, 4 0b t o-h av e a long er se rv i c e li f e than a--f>fess ing proc ess 
5 (forg i ng process). Accord in g to th e r olli ng- proc e ss, th e form ffig-4eefr^f^e-retfeg 

racks 4 0a, 4 0b can b e po li sh e d again for r e us e . — The rollin g process i s m ofe 
advanta geous- as to cost fro m-4h e standpoints e f s e rvice life, forming cy oie, and r a ck 

H ow e v e r, s i nc e th e s p li n e t ee th are form e d by a mater i al fl ow-te w ard t h e t op 

.o l ands th e r e of i n t h e r o lli ng p r oc e ss, the top la nd s of the spl i ne tee th f orm e d b y the 

rolling pro ce ss may not necessarily be uniform 4fv-steper 



